There is an association between the degree of fussiness in infants when placed in prone and the presence of motor delays. Parent report of excessive fussiness may be a useful clinical tool for identifying increased risk of motor delay in infants.
tolerate that position. This study was designed to investigate the role of intolerance to prone positioning in infancy and how that might contribute to motor delays.
Recent research has indicated a marked increase in the number of children presenting with deformational plagiocephaly (DP), and congenital torticollis over the past decade; supine sleep position and lack of prone time were the most significant associated factors for these disorders [5] [6] [7] [8] . Children who present with DP have been shown in a longitudinal study of over 200 infants to demonstrate a higher prevalence of motor delay during infancy [9] . Although a smaller study by Kennedy et al. did not find the association between higher rates of motor delay in a group of infants with DP compared to controls, the study was consistent with prior findings in showing an association between lack of time in prone and lower scores on motor assessments in both the DP and control group [10] .
In 1992, The American Academy of Pediatrics (AAP) began the 'Back to Sleep' (BTS) campaign to reduce the incidence of sudden infant death syndrome (SIDS). The AAP recommended that all infants be placed supine for sleep, which led to a decrease in the overall amount of time infants spent in prone [11] . The BTS campaign was highly successful in decreasing the rate of SIDS [12, 13] , but did not initially provide recommendations to attend to prone positioning during wakeful time. This omission was felt to be a contributing factor to the observed increase in motor delays [14] .
In 2006, with an increasing awareness of the importance of early detection of developmental delays, the AAP Council on Children with Disabilities made recommendations for developmental surveillance at each well child visit and standardized screening of all children at 9, 18 and 30 months to screen for possible developmental delays [15] . In 2008, the AAP revised the BTS guidelines to include recommendations for frequency and duration of supervised prone positioning of infants when awake. These included starting 'tummy time' immediately after birth for 3 to 5 minutes, 2 to 3 times a day [16] . However despite these
Introduction
The prevalence of gross motor delays in infants appears to have increased over the past two decades and several studies have suggested that a lack of prone positioning of infants when awake is associated with an increased rate of gross motor delays [1] [2] [3] [4] . These studies used parent report of night time and daytime positioning and then performed standardized motor assessments during the first year of life, which revealed significantly lower scores in those infants that slept supine and spent less time in prone when awake. One study of healthy full term newborns also looked at milestone acquisition and found that prone milestones were delayed in supine sleepers but walking was not [2] . These studies did not specifically look what barriers there were to the prone position or the infants' ability to Abstract Background and objectives: The literature over the past decade has shown associations between lack of prone positioning (tummy time) and motor delays. In our clinical practice, we observed that parents of infants with motor delays often reported their children were excessively fussy during tummy time. Our study was designed to explore the association between excessive fussiness in prone and the presence of motor delays.
Methods:
Data from 303 patients under age 3 presenting to the Early Intervention program at an academic medical center over a two year period were reviewed retrospectively. Historical information on length and tolerance of prone positioning in infancy and developmental diagnosis (Motor Delay, Language Delay, Global Developmental Delay, Autism Spectrum Disorder (ASD) and No Delay were included).
Results: Both measures of intolerance to prone position (time in prone and fussiness in prone) showed significant linear associations with developmental diagnosis. Specifically, likelihood of never fussing (Х2 (1)=19.1, p<0.001) and of experiencing >five minutes of prone position daily (Х2 (1)=13.1, p<0.001) were significantly lower in subjects who had motor delays than in subjects with other delays and no delays. There was no significant difference in fussing and time in prone among children with other developmental diagnoses, including language delay, global developmental delay, autism spectrum disorder (ASD).
recommendations, it appeared that infants still may not be exposed to adequate time in the prone position, and that there continued to be inadequate awareness of the AAP recommendations among practitioners and parents [17, 18] . In 2013 the AAP published a new algorithm for the surveillance and early screening of motor delays in infants [19] . In the introduction to this publication, the authors describe responses from a focus group of pediatricians at the AAP National Conference in 2010. The group surveyed was unsure of how to most effectively assess and manage infants with motor delays and requested standardized recommendations. This appeared to be one of the impetuses for the development of the new algorithm.
In assessing motor skills, it is well established that motor development follows a predictable sequence in a cephalo-caudal distribution which mirrors the head to toe maturation of the central nervous system. Head control is one of the earliest motor skills to develop and is fundamental for the development of trunk control which is a prerequisite for sitting, crawling and walking. From a clinical perspective it is important to identify motor delays early, not only to begin therapy but also to identify children with global delays including autism spectrum disorder (ASD). The first indication of a global developmental problem is often the presence of a motor delay [20] . The new motor algorithm from the AAP provides a framework for early identification of these motor delays, as well as identification of neuromuscular abnormalities, such as cerebral palsy or hemiplegia [19] .
In a developmental pediatrics practice at an academic medical center, providers observed that children with significant motor delays were reported to be extremely intolerant of the prone position in infancy. Although there are reports in the literature that indicate that fussiness is a barrier to prone positioning [3, 17] , there appear to be no studies that have examined specifically the issue of fussiness as a marker for motor delay. This study was designed to investigate the association between parent report of infant response to prone positioning and its association with motor delay. We hypothesized that children with motor delays would be reported to have been more intolerant of prone positioning in infancy than children with other types of delay and children with typical development. Excessive fussiness could then be a useful clinical tool for early detection of motor delays in the office or clinic setting. This could help raise awareness among health care providers, that an infant with excessive fussiness may have an underlying motor delay or be at higher risk for plagiocephaly. This study adds a rationale for using history or observation of excessive fussiness in prone as a clinical marker for motor delay at all early infant visits.
Methods
A retrospective review was conducted using consecutive records from an early intervention program (EIP) at an academic medical center for January 2010 through December 2012. Children in this program are eligible for evaluation and services regardless of family income and immigration status. Therefore ethnicity and socioeconomic status (SES) were not recorded in the clinic charts, as mandated by state law. As a proxy for SES, demographic information was collected using Zip Code™ and US Census data to describe ranges of income and ethnicity [21] . The sample included subjects from the metropolitan area for which the center had a contract. Information on median income was obtained from the US Census Bureau data for 2010. In this sample, 74% of subjects lived in areas with incomes above the median for the area; only 6% of subjects lived in areas with median income below the city poverty threshold [20] . In total, 47% percent of subjects lived in Zip Code™ areas with white populations above 70% and 13% lived in Zip Code™ areas that were over 70% Black and Hispanic. All children were between the ages of 1 and 36 months.
Prior to evaluation, each parent completed a history questionnaire about the child to aid in the assessment. Developmental testing using standardized instruments was conducted and combined with clinical observations and developmental history to complete the evaluation.
The review yielded 400 records. Some subjects had multidisciplinary assessments elsewhere and were referred solely to this hospital site for audiology assessment, feeding evaluation, or other subspecialty evaluation and so did not complete the intake questionnaire. Other records were missing data on tolerance to prone positioning due to parent omission. The distribution of diagnoses for those subjects who did not have questionnaire information was similar to those who did.
Thus, all records with a completed questionnaire including data on parent report of prone positioning were included in analyses, resulting in a sample of 303 subjects. No subjects were excluded for any reason other than incomplete information. As part of the intake questionnaire, parents were asked two questions: 1) Time: total time in prone per day before age 6 months (0-5 minutes, 5 to 15 minutes, >15 minutes). 2) Tolerance: response to prone position before age 6 months (always, sometimes, never fussed).
The following data were extracted from the record: birth history including gestation age and birth weight, gender, milestone history, standard scores from developmental tests, medical diagnosis, therapy services recommended, and parent report regarding tolerance of and time spent in prone before 6 months of age. Developmental diagnoses were obtained from a multidisciplinary assessment, which employed standardized assessment tools, providing standard scores. Clinicians used this information and clinical impression to assign a medical diagnosis with appropriate ICD 9 codes that were accepted by the EIP. The most common medical diagnoses were hypotonia/ hypertonia with motor delay, language delay, global developmental delay and autism spectrum disorder, those that did not qualify for the program were diagnosed as no delay. As this was a hospital setting, many subjects were referred from the hospital neonatal intensive care unit (NICU) follow-up clinic. For children born prematurely, standard scores were based on corrected age (i.e. chronological age minus the number of months premature). Corrected ages were used until the age of 24 months, at which point chronological age was used.
The standardized instruments used to measure motor development were the Peabody Developmental Motor Scale (PDMS) or the Alberta Infant Motor Scale (AIMS). Diagnosis of global developmental delay was made based on delays in two or more domains, one of which included the cognitive domain, using standardized developmental tests such as the Development Assessment of Young Children (DAYC). Language delays, which could be an isolated language delay or part of a more global delay, were assessed using the Preschool Language Scale -Fourth Edition (PLS-4). Diagnosis of autism was Both clinical diagnoses and standard scores were used to classify developmental delays for purposes of this report. A classification of motor delay was defined as a primary medical diagnosis of motor delay with hypotonia or hypertonia for which physical therapy (PT) was recommended. Where dual diagnoses (e.g. motor delay and global developmental delay) were given, subjects were classified as being in the motor delay group if the gross motor standard score was > 2.0 standard deviations (SD) below the mean. When the child had autism and global developmental delay without significant motor delay the diagnosis was categorized as autism. Developmental diagnoses for this study thus included: motor delay, isolated language delay, global developmental delay, autism or no delay.
Data were analyzed using IBM SPSS statistics (version 22). Categorical data were analyzed using X 2 and Spearman rankorder correlations. Continuous data were analyzed using Pearson's correlation and ANOVA with post-hoc comparisons utilizing the Bonferroni correction (p<0.05). Figure 1 presents the distribution of diagnoses in this sample based on criteria outlined above. Motor delays constituted a plurality of diagnoses (n=110; 36%). A large portion (n=81; 27%) of these referred subjects did not qualify for a diagnosis based on Early Intervention criteria. The EIP criteria used at our institution were the same as the local state and federal regulations, which established the following definitions for eligibility: a delay more than 2 standard deviations below the mean in one domain on a standardized developmental test, or a delay of between 1.5 and 2 standard deviations below the mean in two or more developmental domains. Certain medical diagnoses such as extreme prematurity, autism or genetic syndromes associated with developmental delay qualify for services based on the diagnosis as well as any associated delays [22] . As the clinic is a referral center, rates of ASD were high (n=55; 18%). Isolated language delays were observed in 10% of cases (n=30) and global developmental delay with language and cognitive delay, without significant motor impairment or autism, was observed in 9% (n=27).
Results

Developmental diagnosis
Subjects
Average age in the sample (n=303) subjects was 19.6 months (SD=8.3), with a range of 3 to 38 months. Average birth weight (n=300) was 2.95 kilograms (SD=0.8), with a range of 0.52 to 4.62 kg. Table 1 provides information about the subjects included in the study sample, based on diagnosis groups specified by study hypotheses. Analyses indicated that age at evaluation (F [2,300]=13.4, p<0.001), birth weight (F [2,299]=18.5, p<0.001), and child gender (Χ 2 [2]=12.2, p<0.01) differed significantly by diagnosis group. Specifically, for age at assessment, subjects in the Other Delays group were significantly older than subjects in the No Diagnosis and Motor Delay groups. For birth weight, subjects in the Motor Delay group had significantly lower birth weights than those in the other two groups, due to the higher proportion of premature infants in the motor delay group.
Among children in the autism group there were a higher proportion of males as would be expected, but in motor delay group, and in the non-delayed group there was an approximately equal gender split.
Parent report of tolerance to prone position
In this sample, 26% of parents reported no fussiness in response to prone positioning, 51% reported at least some fussiness, and 23% reported that the infant always fussed in prone position. Parent reports of time spent in prone position suggest reasonable compliance with AAP recommendations: 49% of parents reported at least 15 minutes per day of prone position in infancy; an additional 39% reported 5 to 15 minutes per day and only 12% reported less than five minutes per day in prone. Parent report of time in prone was significantly correlated with reported fussiness in prone (r [291]=0.42, p<0.001) indicating that infants who were reported to be more fussy also were reported to have spent less time in prone. Using Cohen's standard a Spearman correlation of 0.42 would qualify as a medium association [23] . If the convention of squaring the correlation coefficient is used, the proportion of variance shared between the two measures of prone position response is 18.4%. Thus, parental recall of time spent in prone each day shares variance with recall of degree of fussiness in prone, but the two measures overlap at only a medium level.
Developmental diagnosis and prone behavior
Both measures of intolerance to prone position (time in prone and fussiness in prone) showed significant linear associations with developmental diagnosis using non-parametric analyses. Specifically, likelihood of never fussing (Х 2 (1)=19.1, p<0.001) and of experiencing five or more minutes of prone position daily (Х 2 (1)=13.1, p<0.001) were significantly lower in subjects who had motor delays than those with other delays, without significant motor delays, and those with (Figures 2 and 3) . It is also of note that rates of extreme fussiness were highest in the group of infants with motor delays. The associations were present when controlling for age of child at assessment and gestational age at birth using birth weight as a proxy for gestation age. Infants with birth weights below 2.5 kg (n=78) were not reported to be significantly more fussy than birth weights over 2.5 kg (n=225), p=0.4.
We also evaluated eligibility status for PT. By EIP standards this requires gross motor skills, in the absence of other delays, to be >2 SD below the mean, which included all the children in our motor group. As eligibility for PT also includes children with gross motor scores between 1.5 SD and 2 SD below the mean, if other delays are present, this group included some of the children who were in our autism and global developmental delay group. Total number receiving PT was larger than our primary motor group, n=135. We found that the larger group continued to show the same associations, specifically the likelihood of qualifying for and receiving physical therapy in our sample was significantly higher in those children that were reported to always or sometimes fuss in prone than for infants who never fussed (X 2 (1)=13.06, p<0.001).
Discussion
The findings in this study support the hypothesis that infants who are less tolerant of tummy time are more likely to receive a diagnosis of motor delay both as infants and when they are toddlers, than those whose parents reported minimal fussiness during prone positioning.
Based on these findings, it is also true that infants reported to have spent less time in prone positioning were also more likely to have motor delays and that fussiness is a likely barrier to time in prone.
Although conclusions about direction of effects cannot be made using these data, it is clear that the cluster of increased fussiness and reduced time in prone were associated specifically with motor delays, rather than other developmental diagnoses, without a significant motor delay. As fussiness during tummy time may be a barrier to placing a child in prone, one explanation of the findings is that the motor delays are caused by the lack of prone positioning. It is possible that caregivers of infants who fuss during tummy time may be less likely to place them in prone, and more likely to hold them or position them where they are less fussy, such as a play mat or bouncy seat, leading to a lack of opportunity to develop motor skills such as head control and trunk control, as well as potentially exacerbating plagiocephaly due to lack of head movements.
Another explanation is that this group of infants could have some intrinsic neuromuscular deficits that make them particularly uncomfortable when in prone. This may be particularly true of our group in which subjects were already identified as having possible developmental delays and therefore represent a high risk sample. For example, in prone an infant has to work against gravity to extend the neck and turn his head to visually explore the environment. An inability to do this could cause distress and discomfort. This may then lead the infant to become fussy, and the natural response of the caregiver would be to pick the child up for comfort, thus ending the period of tummy time prematurely. We postulate that this lack of tummy time may then exacerbate the neuro-motor weaknesses in an already vulnerable infant and lead to increasing motor delays.
Lobo and Galloway showed that teaching parents specific handling techniques, including prone positioning, significantly improved scores on the AIMS of typically developing infants at 5 months compared to typically developing controls [24] . In the control group, parents were not given the positioning training and told, instead, to spend the time talking with their child in an infant seat. All the infants developed within normal ranges, but the intervention group acquired skills slightly earlier; for example, crawling in quadruped developed at 8.7 months in the control group and 7.5 months in the treatment group and walking, at 12.3 and 11 months, respectively. Given that appropriate handling and exposure to different positions in typical infants enhances motor development, it is likely that a lack of movement experiences, including lack of prone positioning may delay motor development, particularly in a more vulnerable population who already may have some motor abnormalities or developmental delays. We suggest that infants need to experience a variety of different physical positions to expose their developing nervous system to a range of sensory proprioceptive input and expose all muscle groups to the varying effects of gravity in different positions. We suspect that if infants do not have this exposure it may lead to muscle imbalance and weakness, which could then exacerbate distress in certain positions particularly in an infant who may already have a neuromuscular weakness. the relationship with AIMS scores [25] . A preferred position would meet criteria for being well tolerated by the infant and in this study, which did not find an association between motor delay and sleep position, they reported 60% of the infants 'preferred' the prone awake and play position at 3 months and 99% preferred it at 6 months. This would support the hypothesis that an infant who prefers prone and is tolerant of the position is less likely to have motor delays.
There is compelling research in early brain development suggesting that lack of experience leads to lack of development of skills due to poor synaptic connections between the sensory and motor cortex [26] [27] [28] . When the newborn brain is exposed to different stimuli it will begin to strengthen neuronal connections in the brain as well as pruning connections to neurons that are not stimulated [29] . Therefore, it is important to expose the infant to a variety of physical positions and proprioceptive input in order to strengthen the neuronal connections within the cortico-spinal system allowing for the appropriate advancement of postural motor development and by extension motor skills [30] .
It is well established that postural control develops as a result of movement and experiences in a variety of positions [31] . When muscles work against gravity muscular strength increases [32] . When in prone the infant has to lift its head against gravity, thus improving head and neck control which are the precursors to the postural control necessary for all subsequent motor skills.
Thus it is reasonable to correlate lack of experience in prone with decreased exposure to the necessary positioning required to develop appropriate head movements against gravity, and to establish appropriate neck and trunk control need for typical motor development.
Results of this study show that children who spent less time in prone and were more fussy in prone, had a significantly higher rate of motor delays than infants who were not fussy and spent longer in prone. These findings suggest that fussiness in prone could be a useful marker for the early identification of infants with motor delays, particularly those who may be high risk for developmental delays, and this may have a practical application during routine developmental surveillance in the pediatricians office.
The AAP provides general recommendations regarding the amount and frequency of tummy time starting at the first newborn visit [16] , however there are no specific guidelines on how a primary care provider might assess barriers to tummy time such as excessive fussiness in prone. We suggest that the primary care provider, such as the pediatrician or nurse practitioner could, during the well-baby assessment, place the infant in prone to see how they respond and ask parents if this is a typical or non-typical response. This could be done as early as the first newborn visit and thereafter, which gives the primary care practitioner the opportunity for anticipatory guidance regarding the importance of prone positioning. If the infant is persistently fussy in tummy time on subsequent visits, despite guidance regarding placing in prone, we would speculate that this infant may be at higher risk for a motor delay and may warrant referral to the EIP, a physical therapist or a developmental pediatrician for further evaluation.
There are study limitations that require further discussion. First, measures to quantify 'fussiness' in infants were based solely on parent report about their infants' behavior, and sometimes they were asked to recall the information as much as a year previously which would be subject to recall bias. In our analyses however, it was found that the rate of reported extreme fussiness was about the same for children who were both above and below 12 months of age at the time of evaluation. This finding suggests parents were able to recall details about their infants' behavior in early infancy. A second limitation is that our study included a selected group of children who had already been identified with possible delays. Although a significant portion was not determined to be delayed, a control group of typically developing infants was not available to assess fussiness. This appears to be the first report to show that excessive fussiness in tummy time, in addition to lack of time in prone, may be a significant risk factor for motor delays in infants. We were able to show that infants who were reported to 'always' fuss in prone spent significantly less time in prone and had significantly higher rates of motor delays than infants who were reported to 'never' fuss. We had approximately a quarter of our study group that were reported to 'always' fuss, and a quarter who 'never' fussed, which allowed us to compare groups of similar sizes. With our study group we were also able to compare children with primarily motor delays to those with other delays, including autism as well to a group with no delays. One strength of this study is an adequate sample size of 303 subjects to test this hypothesis.
An area of future research is a prospective evaluation of prone behavior in infants followed in a primary care practice. This could confirm study findings that reports of excessive fussiness in a normative group is associated with suspected or actual motor delays during the first year of life. If poor tolerance to prone positioning proves to be a useful marker, primary care practitioners could begin to incorporate these simple questions and observations into their routine developmental surveillance during infancy and increase their identification of potential motor delays.
